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In Wales, a household is
considered to be in fuel poverty
if it needs to spend more than
10% of its net income on all
household fuel use to maintain a
satisfactory heating regime. Fuel
poverty is particularly
challenging in Wales due to the
poor housing stock in many
areas and the rural nature of
much of Wales. Living in a cold
or damp home increases the risk
of adverse health events.

As part of its strategy to reduce
fuel poverty in Wales, the Welsh
Government has implemented
two fuel poverty schemes. Warm
Homes Nest is a demand-led
scheme and Warm Homes Arbed
is an area-based scheme. Both
schemes provided home energy
efficiency measures e.g. home
insulation or boilers.

This bulletin reports the findings
of a project that is using data
linking techniques to explore the
relative impact of the two
schemes on health outcomes.

To our knowledge, this is the
first time a direct comparison
has been made between the
health impacts of a demand-led
and an area-based energy
efficiency scheme and findings
will inform potential future fuel
poverty schemes in Wales.

Key Points

Administrative data for both the Warm Homes Nest and Warm Homes Arbed
schemes were anonymously and securely linked to routine health records for
analysis purposes. Levels of health service use were analysed for 33,595 recipients
of Nest home energy efficiency measures (Nest-overall) and 7,113 recipients of
Arbed home energy efficiency measures. We created a control group for each
scheme; for Nest, 29,734 people who were eligible for Nest but had not yet
received measures and for Arbed 192,546 people from the most deprived areas in
Wales. Furthermore, to make a direct comparison between the two schemes, we
compared a sub group of Nest recipients who received their measure in 2011
(Nest-2011), the same year as 70% of Arbed homes. Nest-2011 consisted of 2,342
recipients and 4,419 controls.

Key points are:

e Scheme impact on Respiratory health: Nest-overall was associated with a
statistically significant reduction of 11.0% in the average number of respiratory
events after the measure was installed. A similar, statistically non-significant
reduction of 12.5% was found for Nest-2011 and little change for Arbed. The
Nest scheme was associated with a significant estimated reduction of 12.4% in
the average number of asthma events after the measure was installed. We
estimated a reduction of 7.6% for Nest-2011 and a reduction of 6.5% for
Arbed, neither of which reached the level of statistical significance.

e The consistent pattern of reductions in health service use for respiratory
issues, whilst not always reaching the level of statistical significance, suggests
both Nest and Arbed benefit respiratory health. However, and as would be
expected, the data suggests greater estimated impacts for recipients of the
Nest scheme.

e Scheme impact on prescribing: As would be expected, the data suggested little
effect on Asthma prescribing for either scheme. For those receiving at least
one prescription for an infection, previous work found a small statistically non-
significant positive impact. Of those receiving prescriptions for infection
approximately 60% in each group received only one prescription for each
winter period. We therefore conducted this analysis on those receiving two or
more prescriptions in a winter i.e. those with more severe or repeated
infection. We found an estimated reduction in the average number of
prescriptions of 3.5% for Nest, 2.8% for Nest-2011 and 5.0% for Arbed; these
did not reach statistical significance. The consistent pattern across schemes
however suggests a positive effect on prescribing for more severe or repeated
infection.
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In Wales, a household is considered to be in fuel
poverty if it needs to spend more than 10% of its
net income on all household fuel use to maintain
a satisfactory heating regime.

Fuel poverty is particularly challenging in Wales
due to the poor housing stock in many areas and
the rural nature of much of Wales. Estimated
levels of Fuel Poverty in Wales were 29% in 2012
and were projected to be 23% in 2016. The
predicted national levels of fuel poverty for
Wales are higher than in England but lower than
in Scotland or Northern Ireland (as a percentage
of all households).?

The World Health Organisation (2007)?
recommends a minimum indoor temperature of
18 degrees and recognises that living in a cold
and/or damp house may be harmful to health.

As part of its strategy to reduce fuel poverty in
Wales, the Welsh Government developed
schemes to provide home efficiency
improvements to those most likely to be in fuel
poverty.

Warm Homes Nest is a demand-led all-Wales
fuel poverty scheme to improve the energy
efficiency of homes. Nest has provided home
efficiency improvements to those most likely to
be in fuel poverty, including low income and
vulnerable households since 2011.

The Arbed energy performance investment
programme was set up in 2009 by the Welsh
Government designed to improve the energy-
efficiency of existing homes in low-income areas
identified by social housing providers. The first
phase (examined in this project) took place in
2010 and 2011.

The measures provided by both Nest and Arbed
include insulation and heating upgrades, such as
a more efficient boiler; some received newer
technologies like air source heat pumps and
external wall insulation.

While there much evidence to suggest that
housing is a factor in health outcomes, there are
not many studies available to show that
improvements in housing quality lead to better
health.

There are even fewer studies that examine the
effectiveness of different types of energy
efficiency interventions directly.

The project was carried out by a full time
researcher attached to ADR Wales?
(Administrative Data Research Wales). ADR
Wales is a new innovative partnership that

brings together specialist teams, data science
experts, and statisticians. It is a partnership
between Swansea University Medical School
Wales Institute of Social and Economic Research,
Data and Methods (WISERD) at Cardiff
University, and the Welsh Government.
Together they develop new evidence which
supports the Welsh Government’s national
strategy, Prosperity for All. ADR Wales uses the
SAIL Databank*® at Swansea University, to link
and analyse anonymised data. It provides the
Welsh Government insight into the relationship
between different areas of public service
delivery and people’s experiences of different
services This supports the development of
collaborative and integrated policy to improve
the lives of people in Wales. ADR Wales is part of
the Economic and Social Research council (part
of UK Research and Innovation) funded by ADR
UK.

Aims and Objectives

11.

The overall aim of the programme of work
within which this project falls is to use linked
administrative data to examine the health and
broader well-being impacts of Welsh
Government funded home energy efficiency
improvement schemes for low income
households. Within this aim, the objectives of
this project were to:

e |dentify robust control groups® for analysis
purposes.

e Investigate the relative impact on the health
of recipients of the demand led Warm
Homes Nest scheme and the area based
Warm Homes Arbed scheme.

Methods
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The Warm Homes Nest scheme provided access
to anonymised data relating to individual
applications to the scheme and the measures
installed.

For the Arbed scheme, researchers at Cardiff
University requested and collated the
intervention data from 28 Registered Social
Landlords and Local Authorities’.

The data from both schemes was anonymously
linked to routine health records in order to
examine the health service use of the recipients
of home energy efficiency measures using the
SAIL databank at Swansea University.

Data Linking is a technique for creating links
between data sources so that anonymised
information that is thought to relate to the same
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person, family, place or event can be connected
for research purposes®.

Health service use e.g. GP events, prescriptions
and hospital admissions, were examined for the
months of November, December, January and
February as these are the months that the
installations are likely to be of most use. We
refer to these months as the winter period.

For the Nest scheme, a control group was
created using individuals who had applied for
measures via the Nest scheme and later
received them; they were therefore known to be
both eligible and in need of measures but had
not yet received measures.

For the Arbed scheme, we used the same
control group that had been created by the
Arbed evaluation project team’, comprising the
most deprived 10% of households in Wales
(excluding any that had applied for the Nest
Scheme). In using this control group, the
assumption is being made that these deprived
areas are comparable to the Arbed areas in
terms of housing stock and levels of deprivation.

For the recipient group of each scheme: the
analysis examined how the number of health
events changed between the winter period prior
to the household receiving a home energy
improvement measure and the winter after. The
analysis was focused on individuals who had
experienced the entire winter before without
the installation and the entire winter after with
the installation. The analysis was conducted on
people who had lived at the property for a
minimum duration of the winter before the
installation to the winter after i.e. from
November 1st 2010 to February 28th 2012. We
also only included those registered with a GP for
the whole of each winter period.

For both control groups: the analysis examined
how the number of health events had changed
between the same two winters, both without
the home energy improvement measure.

It should be noted that factors external to the
study may have influenced the health of both
recipients and controls. A certain amount of
variation in the number of health events from
winter to winter would be expected e.g. due to
milder or more severe weather or the presence
of other e.g. healthcare initiatives; the health of
both groups would also be expected to
deteriorate over time as recipients and controls
age. As part of the analysis for Nest, we
constructed a recipient and control group
separately for each year of the study. In this
way, we are comparing any changes in the
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health of each recipient with changes for
controls over the same two winters, meaning
that both the recipients and controls are likely to
have been exposed to similar weather
conditions and other e.g. healthcare initiatives.
The analysis combined all ‘pairs’ of winters. In
order to make a more direct comparison
between Nest and Arbed we also analysed a
subgroup of the Nest scheme, Nest-2011 who
had their measures during the same time period
as the vast majority of Arbed recipients. This
allowed us to control for e.g. weather
conditions. We can therefore be more confident
that any differences observed between the
recipient and control groups over time can likely
be attributed to the schemes.

We examined the health events in two main

ways:

e we compared the proportion of people for
whom an event was recorded for the
recipient and control groups;

e for those people for whom an event was
recorded, we compared the average number
of those events for people in the recipient
and control groups.

What we were seeking to examine, then, was
whether there was a significant difference
between the recipient group and the control
group in the proportion of people who had
health events in the first place as well as
whether, for those who did have those events,
there was a significant difference in the average
number of those events. In other words, we
looked at whether their medical history became
more or less eventful as a measure of their
health.

We first present raw counts of the numbers of
people who had health events (see Tables 1 to
4), these tables include the numbers of GP
health events experienced by both the recipient
and control groups in the winters before and
after installation. Please note that these figures
are for descriptive purposes only and simple
comparisons between the raw figures should
not be made because the base numbers are
different in the four groups (recipient group and
control group for the winter before and the
winter after). We then applied complex
statistical techniques to compare the differences
between recipients and controls in how their
health events changed between the two
winters.®

We checked, using statistical analysis, whether
we could be confident any differences we found
did not happen purely by chance — such changes
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are referred to as ‘statistically significant’ or
‘significant’. Other findings where a difference
was observed but where due to small numbers
the effect was not big enough to reach the level
of statistical significance, are nevertheless
worthy of note so are reported using the phrase
‘the data suggests’ and should therefore be
interpreted with caution.

We have previously reported on Nest-overall
elsewhere!?, therefore the results below are
presented with a focus on the direct comparison
between Nest-2011 and Arbed.

The key quality information relating to the study
can be found on Page 9 of this Report.

Findings

Sample characteristics

27.

28.

29.

30.

31.

32.

33.

The research team investigating the Health
impacts of energy performance investments’
provided details of home energy efficiency
improvements installed to 4968 homes by the
Arbed scheme.

In order to make a direct comparison with the
Nest scheme we selected the 3,484 (70.1%)
homes that received an intervention in 2011.

This resulted in a recipient group of 7,113
individuals who had lived at a residence and
were registered with a GP for a whole winter
without an intervention and a whole winter
following an Arbed intervention.

We constructed a control group for Arbed from
all homes located in the top 10% most deprived
areas in Wales who had lived in one of these
homes during the same period when the Arbed
group received their intervention, and were
registered with a GP practice. This resulted in a
group of 192,546 people

The Warm Homes Nest scheme provided around
35,000 home energy efficiency measures to
around 30,000 homes in Wales between April
2011 and March 2017.This resulted in an All-
Nest group of 33,595 and a control group of
29,734.

The Nest-2011 group that received their
measures in the same year as the Arbed group
resulted in 2,134 recipients and a control group
of 4,419 people who were eligible for the Nest
but did not receive the intervention until the
following year.

Both Arbed and Nest had recipients of all ages,
from below 5 years to over 60 years. On

34.

average, Nest-2011 recipients were significantly
older than Arbed recipients (44 years for Nest
2011 compared with 35 years for Arbed) and
there was a significantly higher proportion of
Nest-2011 recipients over 60 years old (33% for
Nest 2011 compared with 16% for Arbed).

Previous work however showed that there was
no difference in intervention effect by age
group™®.

Health outcome measures

35. Routine GP Event data consists of all entries
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made by primary care services regarding the
individual patient; this may include information
gathered during consultations, test results,
referrals or prescribing. A count of GP Events is a
simple proxy indicator of general health, with a
higher count representing a greater level of
interaction with primary care.!

The following GP Event data was examined:

e The number of respiratory GP Events
(excluding prescriptions).

e The number of asthma GP Events (excluding
prescriptions) — this is a subset of the
number of respiratory GP Events.

e The number of prescriptions for asthma
medication.

e The number of prescriptions related to
infection e.g. respiratory infection, ear
infection or fungal infection.

We also examined the number of emergency
admissions to hospital (EMAs) due to both
respiratory and cardiovascular or circulatory
disease.

Raw counts of the numbers of people who had
health events are shown in Tables 1 to 4, below;
these tables include the numbers of health
events experienced by the recipient and control
groups in the winters before and after
installation. As noted above, these figures are
for descriptive purposes only. Simple
comparisons between the raw figures should
not be made because the base numbers are
different in the four groups (recipient group and
control group for the winter before and the
winter after). The findings of the complex
statistical techniques applied to compare the
differences between groups are discussed in the
following paragraphs.



Table 1 Number of GP Respiratory Events

Table 2 Number of prescriptions for Infection

Winter Winter Winter Winter
Before After Before After
Arbed People * 228 242 Arbed People * 1,674 1,556
Events ** 635 707 Events ** 2,939 2,833
Average events 2.79 2.92 Average events 1.76 1.82
per person * per person ¥
Arbed People * 6,518 6366 Arbed People * 41,550 39,406
Controls Events ** 18,163 18,595 Controls Events ** 75,811 74,053
Average events 2.79 2.92 Average events 1.82 1.88
per person * per person *
Nest-2011 | People * 90 79 Nest-2011 | People * 573 572
Events ** 254 235 Events ** 1,082 1,189
Average events 2.82 2.97 Average events 1.89 2.08
per person * per person *
Nest-2011 | People * 164 156 Nest-2011 | People * 1,051 1,066
Controls Events ** 429 478 Controls Events ** 1,956 2,026
Average events 2.62 3.06 Average events 1.86 1.90
per person * per person *
* Number of people with at least one GP Event recorded
** The total number of GP Event recorded
¥ Average number of GP Event recorded per person
Table 3 Number of prescriptions for Asthma medication Table 4 Number of GP Asthma Events
Winter Winter Winter Winter
Before After Before After
Arbed People * 943 974 Arbed People * 126 148
Events ** 5,001 5,291 Events ** 423 490
Average events 5.30 5.43 Average events 3.36 3.31
per person * per person *
Arbed People * 23,566 23,740 Arbed People * 3,804 3,773
Controls Events ** 127,959 | 136,441 Controls Events ** 13,120 13,619
Average events 5.43 5.75 Average events 3.45 3.61
per person * per person *
Nest-2011 | People * 316 321 Nest-2011 | People * 49 48
Events ** 1,722 1,837 Events ** 162 167
Average events 5.45 5.72 Average events 3.31 3.48
per person * per person *
Nest-2011 | People * 590 612 Nest-2011 | People * 90 98
Controls Events ** 2,950 3,254 Controls Events ** 286 351
Average events 5.0 5.32 Average events 3.18 3.58

per person *

per person *

* Number of people with at least one GP Events recorded
** The total number of GP Events recorded

¥ Average number of GP Events recorded per person

Impact of schemes on GP Events

39. As noted above, there are two ways of looking at
health events — firstly, to look at the proportion
of people who had that kind of event and,
secondly, and only for those who did have an

event, to look at the average number of events
they had.

40. In terms of the proportion of people who had
events, no significant statistical difference was
found between either scheme and its control
group for any of the GP events. Having an
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existing health condition, or being at risk of
developing one however was not an inclusion
criteria for either scheme. Although living in a
cold or damp house increases the risk of health
issues, not all residents will experience any of
the health problems examined and some may
do, but not for a considerable length of time. It
therefore is to be expected that a longer follow
up period would be required to examine the
potential of the schemes to prevent health
issues developing.

Now thinking about the average number of
events for those who had at least one event,
Figure 1, below, shows the estimated
percentage change in each kind of event
compared with any change for the controls over
the same two winters.

The central data points i.e. the green square, red
triangle and blue circle, show the estimated
percentage change in the average number of
health events for each scheme group i.e. Arbed,
Nest-2011 and Nest-overall. On either side of
the central points are horizontal bars
representing the ‘confidence interval’ or margin
of error around that figure; we can be 95%
confident that the true value falls inside this
range. The margin of error is greater where the
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number of events on which the estimate is
based is smaller, which is why the blue margin of
error for the larger Nest-overall group is much
narrower than the red margin of error for the
smaller Nest-2011 group.

A negative ‘percentage change’ i.e. the central
point appearing to the left of the dotted line,
means there has been a reduction in GP health
events in recipients when compared with
controls. A positive ‘percentage change’ i.e. the
central point appearing to the right of the
dotted line, means there has been an increase in
GP health events when compared with controls.
Where the finding is statistically significant the
confidence interval does not cross the central
dotted line.

Although the margin of error is wider for e.g. the
reduction in respiratory events for Nest-2011
than for Nest-overall, the central pointisin a
similar place. This means the estimated change
is a similar, even though small numbers mean
the Nest-2011 change doesn’t reach the level of
statistical significance (the margin of error is
greater so crosses the dotted line).

We report on the findings shown in Figure 1 in
the following sections.



Figure 1 Estimates of the scheme impact on people who had experienced one or more GP event
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Impact of schemes on respiratory health
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This section looks at those people who had GP
Events for respiratory conditions and for
asthma.

For Nest-overall, there was a statistically
significant impact, with an estimated 11.0%
(95% Cl -16.4% to -5.1%) reduction in the
average number of respiratory events between
the winter before and the winter after the
intervention.

Looking at respiratory events for the smaller
Nest-2011 and Arbed groups, the reduction in
respiratory events for Nest-2011 was of a
comparable size to that for Nest-overall of
12.5% (95% ClI -31.6% to 11.9%) although due
to smaller numbers this did not reach statistical
significance. For Arbed recipients, we
estimated almost no change (0.1%, 95% Cl -
11.4% to 13.1%).

49. For Nest-overall, there was also a statistically

significant 12.4% reduction (95% Cl -18.5% to -
5.9%) in the average number of asthma-related
events between the winter before and the
winter after the intervention.

50. Looking at asthma events for the smaller Nest-

2011 and Arbed groups there was an estimated
reduction of 7.6% (95% Cl -30.6 to 23.0) for
Nest-2011 and an estimated reduction of 6.5%
(95% CI -18.9% to 7.8%) for Arbed in the
average number of Asthma events. These did
not reach statistical significance, again possibly
due to smaller numbers.

51. For both Nest and Arbed we observed a

reduction in recorded GP events for respiratory
issues when compared to their respective
control groups. The consistent pattern in
reductions, whist not always reaching statistical
significance suggests both schemes improve
respiratory health, however, as would be




expected, the data suggests a greater impact
for recipients of the demand-led scheme, Nest.

Impact of schemes on GP prescribing
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There was no significant effect of either scheme
on the average number of prescriptions for
Asthma. This was expected because most
prescribing for asthma is preventative and
would be expected to continue regardless of
the number of acute episodes experienced by
an individual.

For those who received a prescription for an
infection, our earlier work suggested that the
Nest scheme may have had a positive impact?®.
We found a smaller increase in the average
number of prescriptions for infection in the
recipient group of 4.0%, compared with an
increase of 6.1% for the control group.
However, the same pattern was not seen for
Nest-2011 or Arbed, where, if anything, the
possibility is suggested of an increase in
infection prescribing compared to the control
groups.

There was however a large proportion of
recipients who were receiving one prescription
only for the winter, approximately 60% for each
group. The proportion of people requiring a
single prescription in a winter period did not
change significantly between winters for any
group. We therefore theorized that the
suggested impact found in our earlier work was
occurring for those individuals requiring more
than one prescription i.e. those with more
severe or repeated infections.

To investigate this, we conducted our analysis
on only those who had more than one
prescription for an infection, for Nest-overall
there was an estimated decrease of 3.5% (95%
Cl -7.5% to 0.7%) in the mean number of
prescriptions. Looking at Nest-2011 and Arbed
there was an estimated reduction of 2.8% (95%
Cl-15.0 % to -11.1%) for Nest-2011 and an
estimated reduction of 5.0% (95% ClI -11.5% to
2.1%) for Arbed in the mean number of
prescriptions per winter. These findings did not
reach statistical significance, however as it is a
smaller effect size this may have been due to
small numbers.

Although not possible to conclude a definitive
effect, the consistent pattern suggests that the
interventions may have a positive effect on GP
prescribing for infection for those requiring
more than one prescription during a winter
period, i.e. those with more severe or repeated
infections We recommend further investigation

into this once additional data becomes available
e.g. for additional years or interventions.

Impact of schemes on emergency
admissions to hospital

57.

The number of emergency hospital admissions
for both respiratory and circulatory or
cardiovascular conditions were compared for
the winter before and the winter after the
recipient households received a home energy
efficiency measure. For Nest-overall, we have
previously reported®that the data suggests a
positive impact of the scheme on emergency
hospital admissions. Emergency admissions for
these conditions are relatively rare events and
too few events were available for analysis for
the relatively small Nest-2011 and Arbed
groups.

Next Steps
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This report presents findings from the first
comparison of linked administrative data for
the Warm Homes Nest and Warm Homes Arbed
schemes.

Future publications will:

e Include a peer review journal article
documenting the methodology in full and
discussing the findings further. This will
follow in due course;

e Widen the follow up time to compare
admissions for two years before and after
installation;

e Report analysis relating to additional health
conditions;

e If possible, report analysis relating to the
impact of the Warm Homes Nest scheme on
educational attainment;

Key Quality Information

60.

The data linking technique used resulted in 79%
of the Warm Homes Nest data and 86% of
Warm Homes Arbed data being linked to health
data sets. Work is underway to improve the
data linking rate by including anonymised
address information. Based on the limited
information available about recipients, there
was no evidence of bias in terms of the
characteristics of the individuals for whom
record linkage was possible compared with
those for whom record linkage failed i.e. no
particular group is relatively less well-
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represented in the analysis presented in this
report.

The Nest data included a small number of
households that contained unexpectedly large
numbers of members, possibly indicating the
inclusion of some multiple occupancy
residences (e.g. converted houses or hostels)
where it is probable that not all residents will
have received the relevant measure. On the
basis of advice from the ADR Wales statistician,
households with more than 10 members were
excluded from the analysis?, but the data may
therefore still include some multiple occupancy
residences. A sensitivity analysis was completed
of the overall pattern of GP Events, GP
prescribing and Hospital Admissions which
demonstrated that the overall pattern was
unaffected when the cut-off point for
household size was reduced from 10to 5
members i.e. to a point where it is probable
that all residents did receive the measure. We
did not find unexpectedly large households in
the Arbed dataset.

As part of the process of data linkage an
indication is provided of the quality of each
match. Each match is assessed to be a high,
intermediate or low quality match. Low quality
matches were excluded from the analysis.

There is a limitation with regard to the analysis
of health events over time using the SAIL
Databank. This problem arises due to the slow
reporting of address change by GP patients to
their GP practice, including delays in registering
with a new practice when people move house.
If a person remained registered at a GP practice
despite having moved either temporarily or
permanently away, it is not possible to detect
this in SAIL and people will be included in the
analysis in error. The delayed GP registration
issue tends to be particularly pronounced
among mobile, young, healthy people
(particularly men), who may not need to visit a
doctor for long periods and who may migrate
for education (e.g. students) or employment
without registering with a new GP*3, this
combined with low levels of migration over the
entire study period in both groups, means this is
likely to have had a relatively minimal impact on
this analysis.

GP Event records are currently available for
around 78% of the population of Wales on a
practice by practice basis and are therefore not
randomly or geographically evenly spread.
Work by SAIL means that this figure is
increasing all the time

65.

66.

At present the analysis does not account for the
number of home energy efficiency
improvement measures installed in the dwelling
or the size of the improvement the measures
are estimated to have made (i.e. estimated
improvement in SAP score). However, since the
selection of measures for installation was
dependent not only on the necessity of the
measure but its suitability to the dwelling
(subject to the scheme maximum spending
cap), examining variations in health outcomes
by the number of measures or the estimated
improvement in SAP score was not considered a
fruitful approach.

The project was supported by Professor D
Berridge, Chair in Applied Statistics at Swansea
University, in the design and interpretation of
the statistical analysis. Quality Assurance
processes were applied to test the robustness
of the research methodology and writing of
analytical code. These processes involved
presenting the methods to a group of peers
including data analysts and researchers as well
as checking by peers of the analysis code.
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